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I. INTRODUCTION
According to a survey by the Food and Nutrition Board of the
National Academy of Science, there is evidence of potential risk of
deficiency of vitamin A, thiamin, iron, calcium, magnesium, and zinc
among significant segments of the U. S. population (l). Since 26% of
the daily caloric intake in the U. S. diet comes from cereal-grain
products, e.g. wheat flour, the Board has proposed increased nutrient
fortification of cereal-grain products to decrease the risk of nutri-
tional deficiencies. The proposal increases the iron level and adds
vitamin A, vitamin B, (pyridoxin), folic acid, magnesium, zinc, and
calcium to the present fortifications of cereal-grain products (2).
The overall objective of this project is to determine the tech-
nological feasibility of implementing the proposed fortification policy
for cereal-grain products (2). The studies reported in this thesis arc
those v/ith fortified wheat flour.
The purpose of experiment I was to test whether use of diets con-
taining flour with the proposed 1 97^ fortification levels (2) fed to
growing rats to supply about 30% of calories would result in any mea-
surable changes in animal performance, such as growth and increased
levels of the nutrients used for fortification in blood and tissues.
In experiment II, diets containing fortified flour stored at ^0°C
for 6 months were fed to rats to test whether there was a decrease in
Kansas Agricultural Department Station, 0969.
2the relative biopotency of the stabilized vitamin A used for fortifica-
tion that remained in the flour. When originally prepared, the forti-
fied flour contained 5^81 units vitamin A/lb, but after 6 months stor-
age under accelerated conditions {hO C) , vitamin A content had decreased
to 3169 lU/lb as determined by the Carr-Price method (3).
The objective of experiment III was to determine whether increased
levels of cellulose or added calcium phytate in flour-based diets fed
to rats affected utilization of supplemental iron added either as FeSO,
or reduced iron.
It is generally recognized that minerals bound by phytate are
poorly available to man and monogastric animals, and also that the
presence of undegraded phytate in the intestine may decrease the absorp-
tion of calcium, iron, magnesium, and zinc (A). There are other reports
(5, 6, 7) which suggest that phytate does not interfere with the avail-
ability of iron, but, however, fiber may affect availability. The
dietary fiber referred to included those plant constituents resistant
to digestion by secretions of the human gastrointestinal tract (8, 9).
It is composed of a heterogenous group of carbohydrate compounds (cellu-
lose, hemicel lulose, mucilages, pectin, gums) and the non-carbohydrate
lignin (10).
We added pure cellulose and calcium phytate to the diets to
study the effects of those individual components on iron absorption in
flour-based diets.
II. REVIEW OF LITERATURE
Cereal Grain Products Fortification
In the 1930's, following the discovery of certain vitamin-defi-
ciency diseases in the United States, efforts were initiated to improve
the nutritional status of the American people. Cereal-grain products
are appropriate vehicles for adding nutrients to the diet, both on the
basis of suitability as a carrier and broad usage by almost everyone
in the United States (2, 11). In November, 1940, the Committee on Food
and Nutrition (now the Food and Nutrition Board) of the National Research
Council endorsed a program favoring additions of thiamin, niacin, ribo-
flavin and iron to flour (2). The supplementation program became man-
datory during World War II, and many states passed laws requiring
enrichment of flour and bread. Today 3^ states have a mandatory require-
ment for flour and bread enrichment (2). in many states, particularly
in the south, the enrichment program has extended to other cereal-grain
products, such as corn meal (12). It is difficult to assess thoroughly
the success of the enrichment program (2, 13). It is reported, how-
ever, that cereal enrichment programs have effectively reduced the inci-
dence of pellagra and other B-vitamin deficiencies in the United States,
but they have not had such a favorable effect upon the incidence of
anemia (1*0- I n the 1S66 symposium in recognition of 25 years of the
enrichment program, Sebrell said, "There was little doubt in the minds
of those making the study that the disappearance of vitamin deficiency
disease was due to the enrichment program..." (11). In another report
it was stated that, "Since the initiation on a national scale of flour
kand bread enrichment, food deficiency diseases arising from a lack of
B-vitamins have virtually disappeared. Symptoms of beri-beri, pellagra,
and riboflavin deficiency— common in the 1930's--are rarely seen today,
and cases of simple anemia have been greatly reduced..." (15). Thus,
fortified flour and bread apparently have made a significant contribu-
tion to the daily intake of those nutrients used for fortification.
The Food and Nutrition Board reviewed the enrichment program in
1971 and found that since the current cereal-grain enrichment standards
were adopted in the early 19^0's, a number of significant changes have
occurred in the food consumption habits of the U. S. population, new
information has developed concerning nutritional requirements, and total
energy requirements have declined as improved transportation systems and
mechanization have reduced the physical work required for many occupa-
tions, etc. (2). A ten-state nutrition survey launched in 1968 by the
Department of Health, Education and Welfare indicated that significant
numbers of people in the population studied had intakes below the Recom-
mended Daily Allowance (RDA) for calcium, iron, and vitamin A (16). The
Board reviewed data on several additional nutrients to assess the impor-
tance of considering including them in the cereal-grain products forti-
fication program. As a result of that review, they proposed to expand
the standards and include several additional nutrients (Table 1). The
nutrients recommended for the fortification of cereal-grain products
were selected primarily on the basis of their roles in meeting the
needs of significant population groups that face potential nutritional
risk (2).
Table I
Fortification Levels for Flour in mg/lb
Nutrient Currently used NAS 197^ proposed level
Thiamine 2.9 2.9
Riboflavin 1.8 1.8
Niacin 2k 2k
Iron 13-16.
5
2
**0
1
Calcium -- 900
Vitamin A -- 2.2 (7300 IU)
Pyridoxin -- 2
Folic acid — 0.3
Magnesium -- 200
Zinc -- 10
The originally proposed level of 7300 IU was lowered to kkj2 IU.
2
In the 19^1 fortified flour 16 mg/lb was used.
Vitamin A Biopotency in Food Products
Due to the number of geometric isomers of vitamin A that might be
present in vitamin A concentrates, the determination of vitamin A in
various sources used for feed supplementation could be complicated (17,
18). The four isomers of practical importance in commercial vitamin A
products are shown in Figure 1. Al 1- trans retinol is the most biologi-
cally active form (17, 18). If cis isomers are present in the products,
vitamin A biopotency will be lowered (17, 18, 19). Relative biopoten-
cies of the cis- isomers, as percentages of the biopotency for al 1
-
trans-
retinol, are shown in Table II.
No colorimetric or spectrophotometr ic procedure alone can be used
to estimate the biopotency of the trans-ci s types retinol. Ames, et al.
found that two empirical equations based on formation of products with
maleic anhydride and assay by either the blue color reaction or the USP
procedure satisfactorily estimated the biopotency of trans - ci s types of
vitamin A products (17, 18).
The relative biopotency values serves as a correction factor for
the presence of isomers with biopotencies less than that of al 1
-
trans
vitamin A. The relative biopotencies estimated from chemical measure-
ments of maleic value agreed with bioassay data (17). Parrish and
Aguilar found that storage of concentrates or feed containing vitamin
A had a comparatively small effect on relative biopotencies even though
total vitamin A content was lost in liquid feed supplement, dry supple-
ment, or premix (19, 20).
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Table I I
Biopotencies of Retinyl Acetate (18)
Isomeric Form Relative Biopotency {%}
All- trans 100
1 3~mono- ci s 75
9-mono- ci s 21
9,13-di-cis 24
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Bioassay for Vitamin A
The potency of vitamin A supplements can be determined by bioassay
(21). Embree and co-workers (22) reviewed the various vitamin A bio-
assays and gave details for planning, performing, and statistically
analyzing the results of 1) rat growth, 2) liver-storage, 3) vaginal-
smear bioassays. They showed a strong preference for the liver-storage
method. The liver-storage bioassay for vitamin A was originally devised
by Guggenheim and Koch (23). It is based on the fact that substantial
amounts (65" 70% in the albino rat) of large doses of vitamin A are
deposited in the liver and that the dose-response relationship is linear
over a wide range (18, 21). Harris (2*0 concluded that in doing vitamin
A bioassay tests one should 1) use a good, stable reference standard,
2) employ a method in which the criterion of response is specific for
vitamin A, and 3) show the confidence limits as an integral part of the
expression of biopotency. Ames, et al. (18) also noted that no bioassay
is valid unless a suitable reference standard is employed.
In our work the bioassay technique had to be modified, since we
were testing bioavailability of vitamin A from fortified flours used
in diets. Thus, a test based on large dosages of vitamin A given over
a short period of time was not appropriate. Our test was based on com-
parison of the amounts of vitamin A stored in the liver from dietary
intakes from food fed over a period of one month.
Effect of Phytate and Cellulose on Iron Absorption
Widdowson and McCance (25) found evidence that the phytic acid
in brown bread might interfere with the absorption of iron and they
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suggested that, in spite of the large amount of iron in whole wheat,
bread made from it may not be as good a source of iron as is generally
supposed. McCance, et al. (26) also found that sodium phytate added to
bread decreased the serum iron response by reducing the amount of iron
absorbed. Sathe and Krishnamurthy (27) observed that in rats, phytate
interfered with the utilization and storage of iron because of dimin-
ished absorption and concluded that with the increase in the amount of
phytates in the diet, the absorption of iron correspondingly decreased.
Hussain and Patwardhan (23) used two levels of phytate in diets fed to
their human subjects and found a marked reduction in the retention of
iron by all subjects when the diet contained the higher level of phytate.
They concluded that the lowered retention was due to the incorporation
of sodium phytate in the diet which interfered with the absorption of
iron from the gastrointestinal tract. Peers (29) concluded that phy-
tate can interfere with the assimilation of calcium and iron because
those metals form phytates that are insoluble over a wide pH range.
Jenkins, et al. (30) found that consumption of breads made from
unprocessed flour lowered serum levels of zinc, calcium, and iron and
affected iron absorption. They suggested that it might be due in part
to sequestration of minerals in the intestine by phytic acid in the
bread, forming insoluble phytates, and, also, by binding of minerals
by other constituents of dietary fiber, e.g. cellulose. I sma? 1-Beigi
,
et al. (31) found divalent metals bound to indigestible fiber compon-
ents, such as cellulose, hemicel 1 ulose, and lignin, would be expected
to remain unavailable for gastrointestinal absorption. I smai
1
-Beigi
,
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et al. (32) believed that a high level of cellulose could explain to a
considerable extent the impaired utilization of dietary zinc, calcium,
and magnesium among villagers in rural Iran. But Davies, et al. (33)
found that phytate rather than fiber in bran was the major determinant
to availability of zinc to rats. Hardinge (3*0 reported that the large
fiber intakes of the pure vegetarians caused no alimentary disturbance
in mineral utilization. Walker, Fox, and Irving (35) concluded that
the iron retention was virtually the same from high and low phytate
diets. Ranhotra, et al. (h) also found that increasing the level of
phytate in the diet did not interfere substantially with the availabil-
ity of iron occurring naturally in wheat. Reinhold, et al. (7) con-
cluded that fiber largely determines the availability of divalent metals
of bread for absorption by the intestine. Morris and Ellis (36) re-
ported that, rather than the effect of phytate, the presence of food
and fiber might just as well be the explanation for low absorption of
iron in cereals by humans.
III. PROCEDURE
Experiment I : Availability of Nutrients and Growth of Rats Fed Flour
Containing the NAS 197** Proposed Nutrient Fortification Levels.
Material s
An i ma 1
s
. Forty-eight 25 - day old male albino rats, obtained from
the colony raised in the Department of Biochemistry, Small Animal Nutri-
tion Laboratory, weight range 68-73 gm, were individually housed in
wire-mesh stainless steel cages under controlled temperature conditions
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for the four-week test period. The rats were randomly divided into six
groups (8 rats per group) and each group was fed one of the test diets.
Diets . Composition of diets used is shown in Table III. Diets
differed in type of flour used as follows:
(A) Diet HF - Contained hard-wheat bread flour with NAS 1974 proposed
nutrient fortification levels, except for Fe, where the
current fortification level of 16 mg/lb was used. The
iron source was electrolyt ical ly reduced iron.
(B) Diet HS - Same as (A), except the iron source was FeSO,.
(C) Diet HF" - Same as (A), except the iron fortification level was
40 mg/lb, as in the NAS 197** proposal (2).
(D) Diet HS* - Same as (B) , except the iron fortification level was
40 mg/lb, as in the NAS 1974 proposal (2).
(E) Diet 1941 - Used bread flour supplemented according to the NAS 1941
proposal (38), with 1000 IL) vitamin A/lb added. Vitamin
A source was USP Reference Standard.
(F) Diet Unsupplemented - Used unsupplemented bread flour with 1000 IU
vitamin A/ lb added. Vitamin A source was USP Reference
Standard.
The flour used in each diet supplied about 30% of the total cal-
ories. Additional nutrients were added to all diets as needed to meet
the requirements (37), except that iron, calcium, magnesium, zinc, and
vitamin B, were added to only 90% of the requirement in order to lightly
stress the rat by restricting those nutrients to be tested in the study,
making it more likely to find measurable differences in response if
Table I I I
Diet Content of Experiment I
Ingredient
14
Flour 1 33.2
Casein (vitamin-free) 13-5
Corn starch 27-8
Glucose (Dextrose) 9-4
Cellulose 2.0
Wesson oil 4.5
NaCl (Iodized) 0.2
CaC0
3
0.35
Ca(H
2
P0
A
)
2
H
2
1.07
Vitamin premix 4.0
Mineral premix 4.0
Flour sources differed; see text, diets.
2
See Appendix I for composition of vitamin premix.
3 See Appendix II for composition of mineral premix.
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there were differences in availabilities of these nutrients. Table IV
shows the calculated nutrient contents of the diets.
Methods
Previous to the test period, the weanling rats were fed diet F
with vitamin A for 5 days for adjustment.
Feed and water were given ad 1 ibi turn for the 4-week test period,
and the feed intakes and weight gains were measured and recorded weekly.
At the end of the fourth week, animals were anesthetized; blood samples
were withdrawn by heart puncture for hemoglobin and hematocrit deter-
minations. Hepharin was used as an anti-coagulant. Plasma was obtained
by centri fugat ion for use in the vitamin A, calcium, and magnesium
analyses. Rats then were sacrificed, the livers were removed for liver
vitamin A analysis and stored in a freezer until the analyses could be
done. The tibias were removed to be used for bone ash analysis.
Hemoglobin content was determined by the AOAC method (39). Hema-
tocrit value was determined by centri fugat ion of 1 ml blood in a hema-
tocrit tube at approximately 3000 rpm for 30 minutes. The Kimble
method (40) was used to determine serum vitamin A. Vitamin A content
of liver was determined by alkaline hydrolysis, extraction with ether
and hexane, and colorimetry, similar to the method for serum vitamin A
determinations. Plasma calcium was determined by the Ferro-Ham method
(41 , 42). A micro-method was used for the plasma magnesium determina-
tion (43). Bone ash was determined by heating bones in a muffle furnace
at 650 C after extraction and drying of the crushed bones (4, 44, 45).
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Table IV A
Nutrient Content per kg Diet, Experiment
Nutrient Amount/kg diet (g) Nutrient Amount/kg diet (mg)
Protein 146 Vitamin B. 1.25
Fat 49.4 Vitamin B. 2.5
Fiber 21.38 Niacin 15
Ma 0.88 Fo 1 i c ac i d 2
K 2.31 Vitamin B._ 0.05
P 4.15 Ca pantothenate 8
Choi ine CI 0.5 Biotin 0.02
2
Methionine
1
5.64 3Vitamin C 30
Lysine 10.2 Vitamin E 36
Vitamin A, IU * Vitamin K 0.05
Vitamin D, IU 1000 Mn
Se
Cu
50
0.04
5
Nutrient contents shown in Table iV A were the same in all diets.
Table !V B shows various nutrient contents in each diet. Values cal-
culated from tables and nutrient data on flour, except vitamin A con-
tents, are analytical values obtained on flour. Vitamin A standard
(1000 lU/kg diet) was used in other two diets (diet 1941 and diet un-
supplemented)
.
Cystine also was in the ingredients.
Vitamin C added to estimated 2/3 of human requirement, adjusted on
weight basis.
17
Table IV A (Con't.)
* Diets HF, HS, HF* and HS* contained 3300 IU vitamin A/kg diet; diet
19M and diet unsupplemented contained 1000 IU vitamin A/kg diet.
Table IV B
Nutrient Content per Kg Diet, Experiment I
Diet
Nutrient HF & HS HF* & HS* 1941 Unsupplemented
4.51 4.51 3.92 3.92
0.356 0.356 0.273 0.273
10.7 10.7 5.6 5.6
31.8 A8.8 31.8 24.1
6.3 6.3 4.91 4.91
Calcium, g
Magnesium
Zinc, mg
- 2
Fe, mg
Vit. Bg, mg
Used 90% of NRC requirement for rats (37) as a target level in diets
HF and HS
2
In diets HF, HS , 1941 and unsupplemented, iron was supplied only by
flour; in diets HF* and HS*, iron was supplied by flour and added
iron to 40 mg of iron per lb. diet.
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The data were tested for statistical significances by student's
t-test (46).
Experiment I I : Biopotency of the Stabilized Vitamin A Remaining in
Flour Containing the NAS 197^ Proposed Nutrient Fortification, Stored
Under Accelerated Conditions (40 C) for Six Months.
Materials
Animals . Forty 27_ day old male albino rats, weight range 7 1 - 76
gm, obtained from the same source as those used in experiment I, were
housed individually under the same environmental conditions as in
experiment I for four weeks. Rats were randomly divided into four
groups (10 rats per group) and each group was fed one of the test diets.
Diets . Diet compositions and nutrient contents are shown in
Tables V and VI, respectively.
(A) Diet A - Contained kS% stored control flour; an all-purpose type
flour to which supplements (2) were added only when the
2
diet was mixed.
(B) Diet B - Contained hS°i experimental flour. Same type flour as
diet (A), with fortification (2) added before flour was
stored.
(C) Diet C - Contained 22.5% of same control flour as in diet (A).
2
In diet (A), 31 ^0 1U of vitamin A standard/kg diet was added to
provide the same level of vitamin A as determined in the flour used in
diet (B).
In diet (C) , 1570 1U of vitamin A standard/kg diet was added to
provide the same level of vitamin A as determined in the flour used in
diet (D).
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Table V
Diet Composition {%) of Experiment II
Ingredient Diets A £ B Diets C S D
Flour 1 45 22.5
Casein (vit-free) 12.3 15.0
Corn starch 18 33
Wesson oil 4.85 5-0
Glucose 6.4 11.05
NaCl (Iodized) 2 2
Cellulose 1.9 1-9
CaCO 0.45 0.45
Ca(H
2
P0
4
) 2
H
2
1.1 1.0
Vitamin mix 4 4
Mineral mix 3 4 4
For diets A & C used an all-purpose type flour made of 3 parts of
H-40-6 (hard wheat flour stored at 40 C for 6 months) plus 1 part
of S-40-6 (soft wheat flour stored at 40 C for 6 months). This
flour had CaSO. , ZnO, MgO and reduced iron fortification added.
For diets B & D used an all-purpose type flour made of 3 parts of
HF-40-6 plus 1 part of S-40-6 (flours contained the NAS 1974 pro-
posed nutrient fortification level, iron source was reduced iron,
and was stored 6 months at 40 C) . This flour contained 3169 IU
vitamin A/lb at the end storage period.
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Table V (Continued)
o
For diets A & 3 used vitamin mix A and for diets C & D used vitamin
mix B (see Appendix ill for vitamin mix).
•3
For diets A & B used mineral mix A and for diets C & D used mineral
mix B (see Appendix IV for mineral mix).
Table VI
Nutrient Content of the Diet in Experiment II
21
Nutrient % Nutrient mg/kg diet
Protein 14.6 Thiamine 1.25
Fat 5.4 Riboflavin 2.5
Fiber 2.0 N iacin 15
Na 0.8 Fol i c acid 2
K 0.23 Vi tamin 8 12
0.05
P Q.k Ca pantothenate 8
Ca 0.499 Vi tamin h 6.4
Mg 0.04 Vi tamin c
2
30
Choi ine CI 0.05 Vi tamin E 3 37
Methionine 0.6 Mn 50
Lysine 1.0 Se 0.04
Vitamin A * Cu 5
Vitamin D, 1 U/kg 1000 Vi tami n
Zn
Fe*
K 0.05
12
32
Cystine also was in the ingredients.
2
Vitamin C added at estimated 2/3 of human requirement, adjusted to
weight basis.
For diets A and B, vitamin E was 36.7 mg/kg; for diets C and D,
vitamin E was 36.5 mg/kg.
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Table VI (Continued)
Used 30% of NRC requirement as a target level, for diets A S B was
31.56 mg/kg and for diets C S D was 31.22 mg/kg.
* Diets A & B contained 31^0 I U vitamin A/kg, and diets C S D con-
tained 1570 I U vitamin/kg. Vitamin A in diets A & C was supplied
by adding vitamin A Standard, in diets BSD vitamin A was supplied
by stored fortified flour.
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(D) Diet D - Contained 22.5% of same experimental flour as in diet (B)
.
The diets were designed to meet the requirements of the growing
rat (37), except for vitamin A and iron. Additional nutrients, except
for vitamin A and iron, were added to the diets as needed to meet the
requirements (Table VI). In the experimental diets (diets B and D)
,
vitamin A at 31^0 and 1575 IU per kg, respectively, was supplied solely
by that remaining in the stored fortified flour. In the control diets
(diets A and C) that were used for comparison with the experimental
diets, vitamin A was added at equivalent levels from USP Vitamin A
Reference Standard. Earlier studies had indicated that if the dietary
vitamin A were available enough should be provided for growth and ade-
quate serum vitamin A levels in rats receiving the experimental and
the control diets (at both levels of Vitamin A) and there should be a
markedly higher liver vitamin A storage in rats fed the experimental
or control diets at the higher level of vitamin A. If, however, there
was a significant decrease in vitamin A availability from the experi-
mental diets, it would be reflected in less growth and serum vitamin A
in rats fed the experimental diets containing the lower vitamin A level
than in rats receiving the same amount of vitamin A from the control
diet.
The iron level for all diets was 90% of the National Research
Council (NRC) requirement; it was supplied from the flour used in the
diet plus additional FeSO, added in order to reach the 90% level.
Ik
Methods
Rats were fed the preliminary diet [same as diet (B) except used
a flour with the 19^1 supplementation levels, plus CaSO,
,
ZnO , and MgO
,
4-.
as in the flour used in diet (B) J from the time of weaning for 5 days
before rats were divided into four test groups and fed the experimental
diets. The diet contained no vitamin A during the preliminary period.
The same methods were used to determine plasma vitamin A, liver
vitami.n A, hemoglobin contents and hematocrit values as in experiment
I. Data were tested for statistical significance by student's t-test
(46).
Experiment III : Relative Effects of Calcium Phytate and Two Levels of
Cellulose on Utilization of Iron Supplied as Reduced Iron or Ferrous
Sulfate by Rats Receiving Diets Containing Wheat Flour.
Material s
Animals
. Sixty-four 25~ and 26-day old male albino rats, obtained
from the same source as those used in experiment I, weight range 66-76
gm, were housed under the same environmental conditions as in experi-
ment I for 33 days. Rats were randomly divided into eight groups (8
rats per group) and each group was given one of the test diets.
Diets
.
Diet compositions and nutrient contents are shown in
Tables VII and VIII, respectively.
(A) Diet A - A basal diet which contained \% cellulose and FeSO, as
the iron source.
4
Contained hard-wheat flour with the NAS 197A proposed fortifi
cation level and stored at 40°C for 6 months.
Table VI
i
Diet Composition (%) of Experiment III
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Diet
Ingredient A & B
Flour (HRW) 60
r • 1Casein 9.5
Glucose 15
Wesson oi
1
4.5
2
Cel 1 ulose mix 1
NaCl (Iodized) 0.2
CaCO 0.7
Ca(H
2
P0
4 ) 2
H
2
1.1
3Vitamin mix 4
Mineral mix 4
C & D E & F G S H
Calcium phytate
56 51.2 57.2
10 10.5 10
14 12.8 14.3
4.5 4.5 4.5
5.5 11 1
0.2 0.2 0.2
0.7 0.7 0.7
1.1 1.1 1.1
4 4 4
4 4 k
-- --
3
Diets A, B, C, and D contained vitamin-free casein, diets E, F, G,
and H contained high-nitrogen casein.
For diets A, C, E, and G, used cellulose mix A; for diets B, D, F,
and H, used cellulose mix B (see Appendix VII).
Vitamin mix, see Appendix V.
For diets A, C, E, and G, used mineral mix A; for diets B, D, F, and
H, used mineral mix B (see Appendix V).
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Table VII I
Nutrient Content of Diet, Experiment III
Nutrient % Nutrient mg/Kg
Protein 13-7 Thiamine 1 1.25
Fat 5.0 Ri bof lavin 2.5
Fiber * Niacin 15
Na 0.09 Vi tamin h 7
K 0.24 Fol ic acid 2
P 0.4 Vi tamin B
12
0.05
Ca 0.52 Ca pantothenate 3
Mg 0.04 Vi tamin C 3 30
Choi ine CI 0.05 Vi tamin E 36
Methionine 0.64 Vi tamin K 0.05
i •
2
Lys ine 0.95 Zn 13
Vi tarn in A, lU/Kg 2000 Fa* 35
Vi tami n D, lU/Kg 1000 Mn
Se
Cu
50
0.04
5
Cystine also was in the ingredients.
2
For diets A S B was 0.92%, and for diets E & F was 0.97%.
Vitamin C added as estimated 2/3 of human requirement, adjusted to
weight basis.
4
Diets A, C, E, S G contained FeSO, as iron source; diets B, D, F, &
H contained reduced iron as iron source.
* Fiber content for diets A & B was 1%, for diets C & D was 5%, for diets
E & F was 10%, for G & H was \%. Calcium phytate was added in G & H.
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(B) Diet 8 - Same as diet (A), except the iron source was reduced iron.
(C) Diet C - Contained 5% cellulose, the iron source was FeSO,.
(D) Diet D - Same as diet (C) , except iron source was reduced iron.
(E) Diet E - Contained 10% cellulose, and FeSO^ as the iron source.
(F) Diet F - Same as diet (E) , except the iron source was reduced iron.
(G) Diet G - Contained 1% cellulose plus 1% calcium phytate, with FeSO^
as the i ron source.
(H) Diet H - Same as diet (G) , except the iron source was reduced iron.
Methods
Weanling rats were given the preliminary diet £same as diet (A)]]
for 5 days before they were divided into test groups and fed the exper-
imental diets for 33 days. Feed and water were given ad libitum ; feed
intakes and weight gains were measured and recorded weekly.
Hemoglobin contents and hematocrit values were determined by the
same methods as in experiment I. The data were tested for statistical
significance by student's t-test (46), analysis of variance (46), and
by a correlation coefficient test.
IV. RESULTS AND DISCUSSION
Experiment I
Table IX summarizes the results of experiment I. Animals fed
each diet did not show visible signs of nutritional deficiency during
the 4-week test period. Nutrient content of diets containing the NAS
1974 proposed fortification of flours (diets HF, HF*, HS , and HS»)
,
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Table IV, was good. Most nutrients were provided either at or above
the NRC requirement for rats (37) by supplementing the diets with the
required nutrients. However, some nutrients (Ca, Mg , Zn , Fe and vita-
min Q/j were fed at 90% of the NRC requirement levels to provide a slight
nutrient stress for those nutrients. Even though in diets containing
the 1941 fortified flour (diet 1941) and unfortified flour (diet unsup-
plemented) the levels of Ca, Mg , Zn , Fe and vitamin B, were below the
levels of the former diets by the amount provided by supplemented flour,
no measurable nutritional deficiencies were observed in rats receiving
diets prepared from those flours.
Serum calcium values were all abnormal and not included in this
report. The serum calcium analyses could not be repeated because of
lack of sufficient serum.
Plasma magnesium values and percent bone ash were all in the normal
ranges. There was no significant differences (p<0.05) in plasma Mg and
bone ash of rats fed any diet (Table IX).
Rats that received diets containing the NAS 1974 proposed forti-
fied flour with 40 mg/lb of iron (diets HF* and HS*) had significantly
higher (p<0.05) total feed intakes, total weight gains, and plasma
vitamin A values than those of any other groups. Higher iron intake
apparently promoted better growth and development.
Rats receiving the diets containing the NAS 1974 proposed forti-
fied flour (diets HF, HS , HF*, HS*) had significantly higher (p<0.05)
liver vitamin A content than those receiving 1 94 1 supplemented or unsup-
plemented diets. That was expected because the quantity of fortified
30
flour used provided 190% of the rat's NRC vitamin A requirement without
additional vitamin A supplementation, and the vitamin A level added to
the IS^l-supplemented and unsupplemented flour diets (diets 19^1 and
unsupplemented) was 1000 !U/kg diet, which provided only 50% of the NRC
vitamin A requirement (37) (2000 lU/kg). It was necessary to provide
some vitamin A in those latter diets to prevent poor rat growth and
development from lack of vitamin A.
Hemoglobin contents were all within the normal range (12-17.5
gm/100 ml) and there were no significant differences among dietary
groups (p<0.05), except that rats fed the HS diet had significantly
higher hemoglobin content than those fed diets with 19^1 supplemented
and unsupplemented flours. That finding is difficult to understand
because iron intake was less than in rats getting HF* and HS* diets.
Rats receiving diets containing :.-e NAS 1974 proposed fortified
flour with 16 mg/lb of iron (diets HF and HS) had hematocrit values in
the normal range (39~53%) ; other dietary groups had less than normal
hematocrit values, but there was no significant difference in hematocrit
values among those dietary groups. Increasing iron fortification to
k0 mg/lb apparently did not improve the iron status in rats.
In general, fortification of flours according to the 1974 NAS
proposal seems to promote better growth of rats than the 1941 fortifi-
cation or non-fortification of flour, especially in those dietary groups
that contained the higher level of iron (40 mg/lb). The fortification
with Mg and Fe did not affect the Mg and Fe level in the blood of rats
very much.
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Results of experiment I indicate that it is nutritionally feasi-
ble to fortify wheat flour with vitamin A. Due to the lack of quanti-
tative evidence from these animal studies as to the feasibility of for-
tification with the other nutrients proposed by NAS in 197*4, further
studies on those nutrients should be done in the future.
Experiment I I
Table X summarizes the results of experiment II. There were no
significant differences (p<0.05) in total weight gains, total feed
intakes and plasma vitamin A values among the four dietary groups; this
was expected because the nutrient content of each diet (Table VI) was
calculated to meet the NRC requirement for rats (37), except the iron
level was supplied at 30% of the NRC requirement of iron for rats, and
the vitamin A in diets C and D was about 3/k of the rats' requirement.
The few minor differences in Zn, vitamin E, and lysine contents of the
diets were all above the NRC requirements (37).
Hemoglobin contents and hematocrit values of rats in all dietary
groups were less than the normal range |_ hemoglobin, 12-17.5 gm/100 ml
blood; hematocrit, 39-53% (1»7, 48)J . This might be due to the fact
that the iron added to each diet was only about 90? of the NRC require-
ment of iron for rats (37). There were no significant differences
(p< 0.05) in hemoglobin contents and hematocrit values when rats
received the same level of vitamin A from stored or freshly prepared
flour. There were no significant differences in hemoglobin content in
rats among the four dietary groups, but rats receiving the lower level
of vitamin A from the stored flour (diet D) had significantly higher
32
l)
\0
+ 1
-a-
en
o
a 1
m
D oO •
• O
^, + !
+ Lf>
en CO
CO —
CO —
r*. a
je rv^
T— • m
• i
—
• 01
s°. + 1 o, »
+ o + 1 u-
oo r-- U"\ -3"
• • ro +
o , # vO
-cr r— CM CNi
a
J3 U
LTV O PV,
CO
O
\D
.
^r
CI
o .
—
+ | -3", + | O,
°\ CM. + | + LT> + a
+ 1 + ! CN _^- <T\ r-j ie\ -cr
-T . • • • o +
en C^J CO i
—
-cr CM • ON
•9 m — -^_ "- CM ?<-\
JQ
C
O
u
a.
x
UJ
'4-
>.
1_
10
=
S
3
cz_
cc
4J
CJ
Q en m
a
03 f*>
m
CO • sO • •
1 -~ • r— CN| M-
CM, + | r*. + | + | LA
+ u\ + 1 CO — fsl
vO
1
CO o 00 vO +
M • • • l/>
u> 1 r^ a CM m
c~> 1 c*~\ i
—
i
—
r».
u*>
U> •
• a
CO _n d +
^-
-3V + en
+
!
+ oS o
CM P». • •
CO en SO '
1
—
PO py '
XI o
<Ti CM
CO o
CO • •
• o, ,:vj
,
<U
I"*. + 1 + LTl
+ | I*-. CMin -— ^r +
• • • en
m T— cm (T\
-=- — <— *—
O
o
a.
o
c
V
•-
c
u
r
er
—
oC
<n
u
'J
E
c
c
3
I/)
u
Ol ~
l/l ui O
c U o *•
.—
-^ t— < L.
ID a ^v ai < 1)
CI w E c >
e >e
—
—
* c 1_ •—
tJ MM E 4-1 »— <u —
-C •» »> n I»i SI E >
01 ~3 u C -j E ~ 10 — <1)
MM CJ •— ._ •
—
.— 4-1 ~~
CD u L. n > o ai —
3 4- U o o 3 > E JZ
^— m ^~ 01 3
— ^— w cr. £ > _ L. ^ »s.
it; a s 5 IA cn a> u 01 CI
4«l 4-J zz E 10 =. > > 3. 3j.
o <U 1) — «— •—H f- X X 0. _i _J
a
>
uQ
-3
L.
10
a
e
-
4-1
+ 1
c
(0
<D
D
O
JZ
en
<U
a
u
flj
33
(p<0.05) hematocrit values than those receiving the lower level of
vitamin A from freshly prepared flour (diet B)
.
There were no significant differences (p<0.05) in vitamin A con-
tent per gram of liver when rats receiving the same level of vitamin A
from stored or freshly prepared flour, but there were significant dif-
ferences (p< 0.05) in vitamin A content per whole liver when rats
received the diets containing the lower level of vitamin A (diets C £ D)
.
Although these results indicate a statistical difference based on vita-
min A content per whole liver, the values were in the same range and
probably of little nutritional significance.
As expected, the rats receiving the diets containing the higher
level of vitamin A had significantly higher (p<0.05) liver vitamin A
contents than those receiving the diets containing the lower level of
vitamin A.
By a chemical method based on use of the maleic anhydride reagent
to estimate the relative biopotency of vitamin A remaining in fortified
flour stored for 6 months at hS C, it was found that relative biopotency
was 35% or more.
Since the results of the determinations of vitamin A in plasma
and vitamin A stored in livers showed there were no differences in
plasma vitamin A contents and liver vitamin A content per gram of liver
when rats received the same level of vitamin A from the diet, whether
from diets made of stored or freshly prepared flour, it is reasonable
Data obtained from technician's analyses in this laboratory.
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to conclude that the vitamin A remaining in stored flour {kO C for 6
months) had vitamin A biopotency similar to that of the vitamin A stan-
dard added to the control flour. Thus, results of the rat biological
test are in agreement with the chemical test of relative biopotency.
In general, storage had a comparatively small effect on the relative
biopotency of vitamin A that was added to the flour as a stabilized
vitamin A product, even though total vitamin A decreased about 30% dur-
ing storage. Parrish and Aquilar (19, 20) also found little or no
change in relative biopotency of vitamin A in stored concentrates and
supplements. Experiment II indicated that it is feasible to fortify
wheat flour with vitamin A.
Experiment I I I
Table XI summarizes the results of experiment III. During the
experimental period, animals fed each diet did not show any abnormal
characteristics. In those groups receiving FeSO. as the iron source
(diets A,C,E,G), the rats fed the diet containing 10% cellulose had sig-
nificantly higher (p<0.05) total feed intake (638+31 gm) than those
receiving the diet containing 5% cellulose (59** + 17 gm) or \% cellu-
lose (586 +_ 33 9m). In the groups receiving reduced Fe as the iron
source (diets B,D,F,H), the rats fed the diets containing 5% cellulose
or 3% calcium phytate had significantly higher (p<.0.05) total feed
intake than those fed the diet containing 1% cellulose (basal diet), and
rats fed the diet containing 10% cellulose had significantly higher feed
All vitamin A data in this report are based on analytical values,
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intake than those fed the diet containing 5% cellulose. When the cellu-
lose content of the diet was increased, the rats tended to eat more,
probably in order to supply their appetite for energy.
There were no significant differences between groups in total
weight gain when the rats received diets containing FeSO, as the iron
source, but in those groups receiving reduced iron, rats fed the diet
containing 10% cellulose had significantly higher total weight gain {2hk
+ 20 gm) than those fed the diet containing 5% cellulose (219 + 16 gm)
or ]% cellulose (216 + 25 gm) . in each group, rats fed the diets with
FeSO, or reduced iron as the iron source, at each level of cellulose or
calcium phytate, had no significant differences in total weight gains
and feed intakes. Except for the basal group {\% cellulose), the rats
fed the diet with FeSO, as the iron source had significantly higher
total feed intake and total weight gain than those fed the diet with
reduced iron as the iron source. However, differences in body weight
are not a satisfactory measurement of iron utilization, since depression
of body weight occurs only when the animals are severely anemic (**9) .
The rats fed diets with FeSO, as the iron source had significantly
higher hemoglobin contents and hematocrit values than those fed diets
with reduced iron as the iron source, except for those fed the diet
containing 3% calcium phytate. Fritz, et al . (50) listed the Relative
Biological Values (RBV) of iron sources based on chick and rat assays.
If RBV for FeSO^ (anhydrous) was assigned a value of 100%, that for
Electrolytical ly reduced iron.
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reduced iron was 37% (range 8-66%). Harrison, et al . (51) listed the
RBV of electrolytic iron (v.s. FeSO, = 100%) as 29" 75%. Also in agree-
ment with our results, others have reported the availability of iron from
FeSO, (anhydrous or hydrous) tends to be higher than that of reduced iron
(hydrogen reduced or electrolyt ical ly prepared) (14, 52).
Rats receiving diets containing FeSO, as an iron source had no
significant differences among groups in hemoglobin contents and hemato-
crit values. !n rat groups fed diets containing reduced iron, those
receiving 3% calcium phytate in the diet had significantly higher
(p£0.05) hemoglobin contents and hematocrit values than the other
groups.
Rats fed diets containing 5% cellulose or 10% cellulose with
reduced iron as the iron source had significantly higher hemoglobin
contents and hematocrit values than those fed the basal diet with 1%
cellulose. Increasing the cellulose level in the diet seemed to have
had little, if any, effect on iron availability from FeSO , but increased
the availability from reduced iron. Fritz, et al. (50) reported that
addition of 10% cellulose to the diet had little effect on availability
of iron from ferrous sulfate, but it did improve the utilization of iron
furnished by ferric orthophosphate. They thought inclusion of the cellu-
lose may have slowed the rate of passage of food through the intestinal
tract and thereby increased the period of gut exposure to the iron sup-
plement. However, McCance, et al. (53) reported an increasing relation-
ship between fiber intake and transit time. Our results showed that
increasing cellulose levels had little or no effect on iron availability
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from FeSO, and perhaps tended to improve the utilization of iron from
the reduced iron source.
The rats fed 3% calcium phytate diets had the same mean hemoglobin
(12.3 gm/100 ml blood) and hematocrit values (*»5-6%) regardless of the
source of iron. Thus, adding 3% calcium phytate to the diet apparently
had no effect on iron availability from the two iron sources. The lack
of inhibition due to phytate may be explained by the presence of intes-
tinal phytase activity in rats {k, 5^, 55, 56). Some studies (k, 57)
indicated that added sodium phytate had slight or no depressing effects
on utilization of iron by laboratory rats. Also, in our work, the cal-
cium phytate might have been resistant to enzymatic digestive change
and, thus, being inert, had little or no effect. The mechanism of how
phytase activity might relate to iron absorption in either humans or rats
is not clear at the present time (36).
The correlation coefficient data (Table XII) showed that hemoglobin
contents and hematocrit values are highly correlated (r = 0.888), as
might be expected.
In summary, it seems that increased cellulose levels and added
calcium phytate did not affect the iron absorption; on the contrary, cel-
lulose levels had a positive relationship to reduced iron availability,
but had no effect on the FeSO, availability. More experiments also
should be done in the future to clarify the mechanism of these relation-
ships.
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Table XI I
Correlation Coefficient Data for Experiment III
Intake Weight Hemoglobin Hematocrit
Intake 1.000
Weight 0.724
Hemoglobin 0.391
Hematocrit 0.309
0.724 0.391 0.309
1.000 0.202 0.196
0.202 1.000 0.888
0.196 0.883 1.000
V. SUMMARY
Animal studies were carried out to evaluate certain nutritional
qualities of flour prepared according to the NAS 197^ fortification pro-
posal .
In experiment I, diets containing flour with the NAS 197*» proposed
nutrient fortification levels promoted more growth in rats than diets
containing flour prepared with 19^1 NAS nutrient fortification levels
or unsuppl emented flour, but flour with the new fortification did not
materially affect Mg and Fe status of rats. Experiment I seems to show
the nutritional feasibility of vitamin A fortification to wheat flour.
Results of experiment II showed that storing the NAS 197^ proposed
fortified flour at 40°C for 6 months had comparatively small effect on
relative biopotency of vitamin A remaining in the flour, even though
about 30% of the total vitamin A was lost during storage. Relative bio-
potency by chemical tests of the vitamin A remaining in the stored flour
was 95% or more. Experiment II also indicated that it is feasible to
fortify wheat flour with vitamin A.
Results of experiment III showed that there was no deleterious
effect on iron utilization in flour fortified with either FeSO. or
reduced iron as the iron sources, when cellulose levels in the diet
were increased to 5% or 10%. Increasing the cellulose level increased
availability of reduced iron to rats, as measured by hemoglobin contents
and hematocrit values. Calcium phytate, 3%, in the diet also had no
deleterious effect on iron utilization. Further experiments should be
done to clarify the mechanisms of these relationships.
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Vitamin premix of experiment I
9
Ingredient Unit
Methionine gm
Vitamin 3
1
mg
Vi tamin B
2
ng
Niacin nig
Vi tamin B
6
mg
Fol ic acid mg
Vi tamin B
12
mg
Ca pantothenate mg
Biot in mg
Choi ine CI gm
Vi tamin C mg
Vi tamin D gm
Vi tamin E gm
Vi tamin K (Menadione) mg
Amount of ingred ient/40 gm premix
1.4
1.25
2.5
15
4.78
2
10
8
0.02
0.5
30
0.067
0.112
0.05
Added 1,000 IU USP vitamin Reference Standard per 40 g of premix to
make "Vitamin Premix plus vitamin A"
2
All the ingredients were from pure source, except vitamin D used was
1500 IU vitamin D_/g, and vitamin E used was a 25% concentrate toco-
pherol acetate.
Used 40 gm premix per Kg diet. Added 3 : 1 of starch and glucose as
carriers to make total 40 g mix.
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Mineral mix of experiment I
2
Ingredient Source Amount of ingredient per ^0 g mix
K KC1 1.9 g
Mg MgO 0.17 g
Zn ZnO 1 mg
Mn MnSO^ • H
2
50 mg
Cu CuSO, 5 mg
Se NaSeO- • 5^0 0.04 mg
1 For mineral mix HF* (for diet HF»)
, added 0.13 g reduced iron/300 g
mineral mix.
For mineral mix HS* (for diet HS») , added 0.35 g FeS0,/300 g mineral
mi x.
2
Used ^+C g of mix per Kg diet. Added 3 : 1 of starch and glucose as
carrier to make total kO g of mix.
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Vitamin Mix of experiment II
2 3
I ngredient Amount used per hO g mix
Thiamin 1.25 mg
Riboflavin 2.5 mg
Niacin 15 nig
Fol ic acid 2.0 mg
Vi tamin B. k. 78 mg
Vi tamin B.- 0.05 mg
Biotin 0.02 mg
Ca pantothenate 3.0 mg
Vi tamin C 30 mg
Vitamin D 1000 IU
Vitamin E 28 mg
Vitamin K 0.05 mg
Choi ine CI 0.5 g
In vitamin mix A, added 2.0 g of methionine per kO g mix.
In mineral mix B, added 1.6 g of methionine per 40 g mix.
2
All ingredients were from same source as experiment I (Appendix l)
Used *»0 g mix per Kg diet. Added starch and glucose (3 : 1) as
carriers to total ^0 g mix.
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APPENDIX IV
Mineral mix of experiment II
Amount of irigredient/Kg diet
Ingredi ent Source
KC1
Unit
g
A B
K 1.8 2.0
Mg MgO 9 0.17 0.26
In ZnO mg 1.0 S.k
Fe FeSO^ mg 14 20
Mn MnSO, • H
£
mg 50 50
Cu CuSO, mg 5 5
Se NaSeCk • • 5H
2
mg O.k O.k
Used kO g mix per Kg diet. Added 3 : 1 of starch and glucose as
carrier to make total kO g mix.
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APPENDIX V
Vitamin mix of experiment 111
Ingredient" Amount used/ Kg diet or kO g mix
Vitamin A 2000 IU
Thiamine HC1 1 .25 mg
Vitamin B
1
2.5 mg
Niacin 15 mg
Vitamin B, 4.3 mg
Vitamin B
12
0.005 mg
Fol ic acid 2 mg
Biotin 0.02 mg
Choi ine CI 0.5 g
Ca pantothenate 8 mg
Vitamin C 30 mg
Vitamin D 1000 IU
Vitamin E 28 mg
Vitamin K (Menadione) 0.05 mg
Methionine 2.5 g
Lysine 1.0 g
* All the ingredients were from the same sources as in experiment I
(Appendix I).
Added 3 : 1 of starch and glucose as carriers to make total kO g mi x.
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Mineral mix of experiment III
Amount of ingredient/Kg diet
1.6 g
0.3 g
8 mg
50 mg
5 mg
O.CA mg
29 mg
Used 40 g of mix per Kg diet. Added 3 : 1 of starch and glucose as
carrier to make total kO g mix.
* In mineral mix A used FeSO, as iron source, in mineral mix B used
reduced iron as iron source.
1 ngredi ent Source
K KC1
Mg MgO
Zn ZnO
Mn MnSO^ • HO
Cu CuSO,
Se NaSe0
3
• 5H
2
Fe *
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Cellulose mix of experiment 111
Ingredient Unit Amount of ingredient
<* - Cellulose g 100
Fe mg 1
Added iron to make cellulose with same iron content as flour.
2
In cellulose mix A used FeSO, as iron source, in mineral mix B used
reduced iron as iron source.
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Animal studies were carried out to evaluate certain nutritional
qualities of flour prepared according to the NAS 197** fortification
proposal. Experiment I was to test whether use of diets containing
flour with the proposed fortification levels fed to growing rats would
result in measurable changes in animal performance, such as growth and
increased levels of the nutrients used for fortification in blood and
tissues. Experiment 11 was to test whether there was a decrease in the
relative biopotency of the stabilized vitamin A used for fortification
that remained in flour stored at i*0°C for 6 months. Experiment IN was
to determine whether increasing the level of cellulose or adding cal-
cium phytate in flour-based diets fed to rats affected utilization of
supplemental iron, FeSO, or reduced iron, used in the fortification
mix.
In experiment I, diets containing flour with the NAS 197^ pro-
posed nutrients fortification levels promoted more growth in rats than
diets containing flour prepared with 19^1 MAS nutrient fortification
levels or unsupplemented flour, but flour with the new fortification
did not materially affect Mg and Fe status of rats. Experiment I seems
to show the nutritional feasibility of vitamin A fortification to wheat
flour. Due to the lack of quantitative evidence from these animal
studies as to the feasibility of fortification with the other nutri-
ents proposed by NAS in 197^, further studies on those nutrients should
be done in the future.
Results of experiment II showed that storing the NAS 1974 pro-
posed fortified flour at 40°C for 6 months had comparatively small
2effect on relative biopotency of vitamin A remaining in the flour,
even though about 30 percent of the total vitamin A was lost during
storage; relative biopotency by chemical tests of that remaining vita-
min A was 95 percent or more. Experiment II also indicated that it is
feasible to fortify wheat flour with vitamin A.
Results of experiment III showed that there was no deleterious
effect on iron utilization in flour fortified with either FeSO^ or
reduced iron as the iron source, when cellulose levels in the diet
were increased to five percent or ten percent. Increasing the cellu-
lose level increased availability of reduced iron to rats, as measured
by hemoglobin contents and hematocrit values. Calcium phytate, three
percent, in the diet also had no deleterious effect on iron utilization.
Further experiments should be done to clarify the mechanisms of these
rel at ionships.
